Objective. Quality improvement (QI) methods have been fashionable in hospitals for decades. Previous studies have discussed the relationships between the implementation of QI methods and various external and internal factors, but there has been no examination to date of whether the neighbourhood effect influences such implementation. The aim of this study was to use a multilevel model to investigate whether and how the neighbourhood effect influences the implementation of QI methods in the hospital setting in Taiwan.
Introduction
Competition drives the quality of care in many healthcare systems, in addition to the more altruistic motivations that healthcare workers often report. This is true not only in Taiwan but also in many developed countries, including the USA and UK, as healthcare organizations worldwide urgently search for ways to improve both quality and cost-effectiveness [1] .
Such competition shapes hospital strategies implemented to adapt to the market environment and needs [2, 3] , which can lead to a medical arms race. One such strategy, the implementation of quality improvement (QI) methods, has been fashionable in hospitals for decades now. A recent study revealed that QI methods have proliferated in Taiwanese hospitals similar actions within a given institutional environment is called organizational isomorphism [6] , and DiMaggio and Powell proposed institutional theory to explain it. They observed that organizations experience pressure to conform to their institutional environment because of the operation of coercive pressures from political institutions, normative pressures from occupational and professional constituencies, and mimetic pressures from the other organizations with which they compare themselves [7] .
There is an enormous body of research on the motivations for hospitals to implement QI methods. These motivations include such external factors as demand (e.g. the affluence [8, 9] and medical needs of the population [10] and market size [11] ), competition [11, 12] , regulation [13, 14] , the pressures exerted by public payers and agencies [13, 14] , and geography and urbanization [15] and such internal factors as organizational structure (e.g. size [11] and type [11, 12] ), strategic positioning [16] , leaders' values and attitudes [17, 18] , executives' educational background [17, 19] , resource availability [12, 18, 20] and organizational learning, climate and attitudes [11, 18] . However, the neighbourhood effect has been neglected in discussions of the adoption of QI methods. The neighbourhood effect is an important concept in the sociology and health behaviour fields. Scholars claim that individuals are affected by the principles and standards of the neighbourhood in which they live and that the social environment of that neighbourhood conditions their behaviour. The neighbourhood effect, a similar concept to mimetic isomorphism, is thus used to explain how individuals are affected by their surroundings [21, 22] . The study reported herein was motivated by our desire to determine whether the neighbourhood effect exists amongst hospitals in Taiwan, particularly in relation to the adoption of QI methods.
Previous studies have also ignored the issue of clustered or nested data. Clustering or nesting refers to all of the subjects in a group being from the same population, such as the students in a class or the classes in a school. It implies that there will be a certain amount of homogeneity amongst these subjects, thus violating the assumption of independent samples in conventional regression analysis [23, 24] . Ignoring this issue may lead to incorrect conclusions [25] . Accordingly, adoption of a multilevel model is necessary when dealing with nested data. Therefore, one purpose of this study was to use a multilevel model to investigate whether and how the neighbourhood effect is associated with hospital behaviour, specifically the implementation of QI methods. If the breadth and depth of QI method implementation in one hospital is associated with the breadth and depth of that in nearby competitor hospitals, then we can say that the neighbourhood effect exists. In this study, we examined this effect amongst a large sample of hospitals in Taiwan.
Methods

Study subjects and survey administration
We posted a questionnaire survey and official letter to all 139 medical centres, regional hospitals and district teaching hospitals in Taiwan in July 2009 to investigate their implementation of QI methods. The targets were the persons in charge of QI methods in the 139 medical centres and hospitals. The mail room of each hospital will help distribute the questionnaire. Seventy-two valid questionnaires were returned, yielding a response rate of 52%. The data showed that the distribution of hospital ownership type and accreditation level amongst the returned questionnaires did not differ from that of the country's hospital population as a whole, as shown in Table 1 , thus confirming the representativeness of our sample.
Survey items and data sources
The questionnaire survey investigated the breadth and depth of implementation of 18 QI methods: Total Quality Management, Quality Control Circles (QCC), International Organization for Standardization 9000 series (ISO 9000), employee suggestions, process re-engineering, 5S, learning organization, Six Sigma, benchmarking, Hoshin planning ( policy deployment), quality function deployment, patient satisfaction surveys, employee satisfaction surveys, service QI, clinical pathways, evidence-based medicine, quality indicator systems (i.e. TQIP [26] and THIS [27] ) and the breakthrough collaborative series model.
The respondents were asked to indicate whether their hospital had adopted each of these QI methods and, if so, whether that method had been in continuous use between January 2000 and June 2009. They were also asked for further details on the methods, such as the year of initiation, duration, number of teams/projects involved and cycles of improvement across years, and for additional information about their hospital and themselves, including hospital ownership type ( public, not-for-profit or private), accreditation level and personal demographic information. On the basis of this information, we established hospital profiles and the chronology of QI method implementation in each hospital.
The breadth of QI method implementation was measured by the number of QI methods in place based on the respondents' self-reports, whereas the depth was measured by the number of methods that had been deeply implemented. Deep implementation was assessed by whether the hospital reported the continuous implementation of a QI method during the study period and was also able to provide detailed information (e.g. duration of implementation) on a specific activity for at least one cycle (such as obtaining ISO 9000:2000 certification or completing a QCC in an internal contest) or project. The definitions of QI methods and the criteria for deep implementation are provided in Appendix. Our second data source was a set of 2000-09 national hospital profiles from Taiwan Department of Health, including essential medical service information such as hospital size and number of discharges. These data were used to calculate a hospital market competition index for each medical area in each 
Variables
Dependent variables. We used the survey data to calculate the dependent variables, i.e. the breadth and depth of QI method implementation [4] . As noted in the previous section, implementation breadth, which refers to the average number of QI methods in place, was reported by the individual hospitals, whereas implementation depth was evaluated by the research team using the additional information provided by the hospitals. The baseline year was 2000, with every subsequent 3-year period up to 2009 considered a separate period in calculating the mean scores of the breadth and depth of QI method implementation in each hospital for later analysis.
Independent and control variables. We also calculated the average breadth and depth of QI method implementation in the focal hospitals' competitors within the same medical area during each preceding period. These then served as the independent variables. Hospitals with the same accreditation level as the target hospital, or those ranked just one level higher, were considered that hospital's competitors. For example, a regional hospital's competitors were all other regional hospitals and medical centres in the same service area. Additional details of the sample hospitals, including their size, ownership type, accreditation level, competition in a specific market and the level of urbanization in the service area, constituted the control variables.
To measure the competition in a given market, we first had to decide how to define the market area and then how to calculate the intensity index. Researchers usually use geopolitical boundaries to define a hospital's market. The two most frequently used measures of hospital competition intensity are the number of hospitals in the market area and the Herfindahl-Hirschman Index (HHI).
In this study, we adopted the 17 medical areas defined by the Taiwan Department of Health to define a hospital's market area. These 17 medical areas correspond to 17 geopolitical areas of Taiwan. We used the HHI to evaluate the level of competition in each market area. The HHI is the sum of the squared market shares of all hospitals in a given market. In the context of hospital competition, a hospital's market share is generally calculated as that hospital's number of discharges divided by the total number of discharges from all hospitals in the market [39] . The advantage of using the HHI is that it reflects both the number of hospitals and market share across hospitals. Finally, to calculate the urbanization level index, we adopted the classification used by Taiwan's Ministry of the Interior, which classifies towns into three area types: metropolitan, sub-metropolitan and non-metropolitan.
Statistical analysis
All statistical analyses were performed using SAS 9.2. In statistical testing, a two-sided P-value of ≤0.05 was considered statistically significant. The distributional properties of the continuous variables were expressed as means and standard deviations (SD), whereas the categorical variables were presented as frequencies and percentages. The chi-square test and analysis of variance (ANOVA) were performed for bivariate analysis.
Multilevel regression was performed to explore the relationships between the neighbourhood effect and the adoption of various QI methods, with adjustments made for ownership type, accreditation status, market competition, urbanization level, and the average breadth and depth of competitors' QI method implementation in the previous period. Hospitals were considered to be nested within markets, and the market competition index, urbanization index and average breadth and depth of competitors' QI method implementation in the previous period were treated as level-2 variables. All other variables were considered level-1 variables.
Results
Thirty-three (45.83%) of the respondents were male, 34 (47.22%) were female and 5 were non-response. And the majority were in the 30-39 (37.31%) and 40-49 (34.33%) age groups. Most (59.42%) served in the administration department. Their mean years of service and mean years in quality management were 9.95 and 4.39, respectively (Table 2) . With the exception of the number of years in quality management, the respondents' characteristics were similar.
The results indicate that there was a significant increase in the number of healthcare-related QI methods implemented in Taiwan The SD of breadth initially increased and then decreased, suggesting a gradual balancing out of the number of QI methods amongst the hospitals. The data also reveal an expansion in hospital size, with the SD of this indicator suggesting an increase in the differences in hospital size amongst the sample hospitals ( Table 3) .
Analysis of the factors affecting QI method implementation was divided into two parts, the first examining whether a hospital's breadth of methods was influenced by that of its competitors with similar characteristics in the previous period and the second exploring whether that influence extended to the depth of those methods. After adjusting for ownership type, accreditation status, hospital size, the market competition index, the urbanization index and time, the results show that the average breadth of a hospital's QI method implementation had a significantly positive relationship with that of its competitors. The other control variables had no significant relationship with the breadth of such implementation (Table 4) . The results of the model including the same covariates suggest that a hospital's depth of QI method implementation was affected by that of its competitors in the previous period, as well as by market competition and time (Table 5 ).
Discussion
The past decade has been characterized by ongoing improvements in the quality of healthcare delivery systems, and these improvements have become an important component of hospitals' day-to-day operations [40] . This study constitutes the first to adopt a long-term retrospective design and consider a time lag in exploring whether Taiwanese hospitals' external environment and characteristics are associated with the breadth and depth of their implementation of QI methods. Two of its findings merit further discussion.
First, QI method implementation in Taiwanese hospitals has increased consistently in both breadth and depth over the past decade. The findings of two previous studies conducted Its mission is not only to oversee hospital accreditation but also to effect QIs through the creation of a platform for the sharing of QI methods amongst hospitals. In addition, most hospitals in Taiwan are located in the country's western coastal plain, and many of their managers graduated from the same universities. Therefore, the relationships amongst Taiwanese hospitals tend to be close, and information transmission is fairly rapid. The aim of the QRF proposed by the NHI Bureau is to encourage the implementation of QI methods in hospitals. With regard to the breadth of those methods, compared with the two other study periods, Period 2 showed the largest β coefficient, which could be attributed to the initiation of the QRF project in 2002. Second, the neighbourhood effect appears to be at work in the adoption of QI methods by Taiwanese hospitals. In this study, we examined this effect by investigating the relationship between a target hospital's implementation of QI methods and its competitors' implementation of such methods in the previous period. The results show that the breadth and depth of competitors' QI method implementation in the preceding period was significantly related to the breadth and depth of the target hospital's implementation in the current period. The implication is thus that the breadth and depth of a hospital's implementation of QI methods are influenced by its neighbouring competitors. In other words, the results imply the existence of the neighbourhood effect amongst Taiwanese hospitals. They may also support the existence of the mimetic phenomenon described by institutional theory. Although, as previously noted, diffusion of innovations theory is another potentially important theory for understanding why hospitals behave in a similar way to their competitors, our questionnaire survey did not solicit information about how hospitals behaved when their competitors adopted new QI methods or implemented those methods deeply. This could be a topic for future research.
On the basis of our results, however, we can recommend that Taiwan's health administrators and policy-makers formulate specific strategies in accordance with the QI implementation status of a given area. For example, hospitals located in areas with a high level of implementation may already be forced by peer pressure to adopt more stringent QI measures, whereas the healthcare authorities may need to provide additional incentives to hospitals located in areas with a low such level.
Although this study adopted a long-term retrospective design and considers a time lag, in exploring whether Taiwanese hospitals' external environment and characteristics are associated with the breadth and depth of their implementation of QI methods. However, it does suffer four limitations that should be noted. First, the sample selection approach limits the generalizability of our results. The sample hospitals in this study account for only 25% in Taiwan. The other 75% of hospitals house <99 beds each; however, these hospitals do not have enough resources to implementation QI methods. Second, the definition of market area used in this study may be inconsistent with daily practice. For market areas, we used the medical areas set by the Taiwanese government, which are based on geopolitical boundaries and are similar to health service areas in the USA. Although a medical area may differ from a hospital's service region or market area, determining that region/area for every hospital in the country has proved too difficult, and the health authorities thus use medical areas to evaluate healthcare resources. Accordingly, we deemed medical areas to be suitable for defining market areas in this study. Third, we were unable to identify the persons in charge of QI activities at each hospital. The target of our investigation was the breadth and depth of the implementation of these activities in the hospitals under study. Although the respondents may not have been in charge of every QI method in place in a given hospital, they helped us to collect information on all methods. This limitation appears to be unavoidable in a mail-out questionnaire survey. Finally, our definition of the depth of QI method implementation was subjective. There is no clear definition in the existing literature, and the implementation of these methods is highly localized with considerable variation across countries. The research team has rich experience in the promotion of and education in QI methods in Taiwan, and our definition of the depth of QI method implementation was based on that experience. Hence, we believe it to be a valid one, which should mitigate any potential bias owing to its subjective nature.
Conclusion
In summary, the results of the study reported herein show that hospitals' QI implementation status is influenced by that of their neighbours. The neighbourhood effect is thus an important factor in understanding hospital behaviour.
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One cycle of hospital-wide QIT was done in different topics, with or without public demonstration.
QCC
Quality circle is made up of volunteers, who meet at least once a week and follow the P-D-C-A principle in 10 steps of problem-solving and/or process improvement [28] .
One cycle of QCC contest was finished in hospital-wide or specific department (such as nursing department), with or without public demonstration.
ISO certification
Hospitals invite an outside expert or a consulting company to provide ISO 9000 or other type of ISO training. Its purpose is to obtain external certificate with both internal audit and external audit process [28] .
Any form of ISO certification was done by an external agency, including the ISO 9000 series, ISO 14000, ISO 22000, ISO 25000, etc.
Employee suggestion
Hospital seeks employees' ideas for improvement and provides financial rewards to employees who contribute a formal review and feedback process [28] .
At least one cycle of employee suggestion was finished in terms of adopting or rejecting suggestions as well as giving financial reward.
Process reengineering
Fundamental rethinking and radical redesign to get a dramatic improvement in major processes [29] .
At least one project done followed the idea of process reengineering in hospital.
5S
Apply Seiri, Sesieon, Seisu, Seiketsu and Shotsuke hospital-wide or to specific departments [30] .
Hospital provides information about the scope of 5S implementation and number of internal contest in the hospital. Learning organization Learning organization is defined as an organization that is good at creating, acquiring and disseminating knowledge. The organization also applies those knowledge and ideas to change behaviour [31] .
Hospital provides information about specific activities in learning organization.
Six Sigma
Six Sigma project team are comprised of several types of individual, such as champions, master black belt, black belt, green belt and team members [32] .
Apply the DMAIC (define, measure, analysis, improve and control) steps to finish at least one Six Sigma project. Benchmarking
Benchmarking is defined as 'measuring your performance against that of best-in-class companies; determining how the best-in-class achieve those performance levels; and using the information as a basis for our own hospital's target' [32] .
Hospital provides support to organize Benchmarking team in different departments and/ or number of teams in different periods with or without public demonstration.
Hoshin planning
Hoshin planning is a combination of strategic planning and policy deployment throughout the organization. It focuses on key systems that need to be improved to achieve strategic objectives. It requires the participation and coordination by all levels and departments as appropriate in the planning, deployment of yearly objectives and means. Goal and action plans cascade through the organization based on the true capability of the organization [33] .
Hospital provides evidence of finishing basic strategic objectives, annual objective and strategy, action plan in cascading units.
Quality function deployment
Quality function deployment is a formalized process to listen to the voice of the customer and should be tailored to specific situations [28] .
Hospital demonstrates the topic to apply QFD for transforming a patient's need into service.
Patient satisfaction survey
Patient satisfaction is the outcome of providing value that meets or does not meet the patient's need in that situation [34] .
Hospital adopts ambulatory, inpatient, emergency or any other patient survey.
Employee satisfaction survey
Employee satisfaction is the outcome of providing value that meets or does not meet the employee's need in that situation [34] .
Hospital adopts employee survey at least once.
Service QI Any method that improves patient perception of reliability, assurance, tangibles, empathy and responsiveness [32] .
Hospital uses different methods for service QI, such offering ritual training, establishing patient complaint centre, etc.
Clinical pathway
Clinical pathways (critical pathways) are schedules for medical, nursing and other hospital staff, including tests, medications and consultations designed to improve the efficiency of a coordinated programme of treatment [35] .
Hospital reports the number of formally developed clinical pathway, and/or the number of clinical pathway with online support from information system.
Evidence-based medicine
Evidence-based medicine is the conscientious, explicit and judicious use of current best evidence in making decisions about the care of individual patients [36] .
The scope and mode of implementation of EBM in a hospital. Any kind of evidence to support implementation in specific department, different departments or set up EBM centre, etc.
Quality indicator systems
Quality indicator system is a performance measurement system that represents a system of analyses and control support based on system analysis of the environment and process taking place therein; definition of accurate and standardized methods of data collection and measurement; definition of key indicators and providing feedback information to participants [35] .
Hospital joins the TQIP (IQIP in Taiwan) with evidence of reporting acute care, long-term care or psychiatric care indicators [37] . Hospital joins the THIS with evidence of reporting ambulatory, inpatient, emergency, ICU and patient safety indicators [28] .
Breakthrough collaborative
The most well-known approach is the 'Breakthrough' model developed by the Institute for Healthcare Improvement. A QI project team which is not part of a collaboration-a 'traditional QI team'-uses similar methods to plan and test changes but chooses its own problem and spends time working on diagnosing the problem and analysing causes before planning and testing changes [38] .
Hospital attends these activities held by TJCHA with programme charter, specific goal setting and present progress results three times.
